Abstract Abstract Abstract Abstract Abstract
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Chronic hepatitis B is a common disease with about 350 million HBV carriers according to the figures of World Health Organization [1] . The persistence of viremia in patients often leads to progressive liver diseases including cirrhosis and hepatocellular carcinoma. For HBV-infected patients with end-stage liver disease, antiviral treatment cannot significantly alter their clinical course; orthotopic liver transplantation (OLT) is the only option. Because of the very high HBV reinfection rate of hepatic allografts and the rapid progression of HBV-induced disease in allografts [2] , it is essential to prevent HBV reinfection of hepatic allografts after OLT. Interferon has been shown to be beneficial to some patients with chronic HBV infection; however, the overall response rate to interferon alpha is less than 40% [3] . Lamivudine, an enantiomer of β-L-2', 3'-dideoxy-3'-thiacytidine (3TC), is a potent inhibitor of RNA-dependent DNA polymerase of HBV and HIV reverse transcriptase [4, 5] . Treatment of HBV with oral lamivudine can suppress virus replication and reduce hepatic necro-inflammatory activity [6] . Although lamivudine can prevent HBV reinfection of hepatic allografts, long-term therapy can lead to lamivudineresistance of HBV [7] [8] [9] . Furthermore, lamivudine-resistant HBV strains, with amino acid substitution in the YMDD (tyrosine, methionine, aspartate) motif of DNA polymerase, have been found in patients after OLT and immunosuppressive therapy [5] . The amino acid substitution from methionine to valine or isoleucine at amino acid 552 of the YMDD motif of the HBV polymerase gene is the main mutation responsible for resistance to lamivudine treatment. The reported rate of lamivudine resistance is 14% in patients with chronic HBV infection and 27% in patients with recurrent HBV infection after OLT [10] [11] [12] [13] . The low incidence and late occurrence of YMDD mutant viruses suggest that such mutant strains originate from wild-type by point mutation during the course of therapy. Once lamivudine resistance occurs, a combination antiviral therapy (such as interferon and hepatitis B immunoglobulin) may be necessary to prevent exacerbation of hepatitis [14] [15] [16] [17] . Occurrence of lamivudine-resistant HBV variants is commonly detected by direct sequencing of HBV DNA.
However, this assay is excessively time-consuming for a large number of clinical samples. In this study, the frequency and characteristics of variants at codon position 552 of the HBV polymerase gene were examined by restriction fragment length polymorphism (RFLP) of the products generated from the HBV genome after amplification by PCR. The results of this analysis were compared with those obtained by direct HBV DNA sequencing, alanine aminotransferase levels and liver biopsy.
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Patients
Between 2000 and 2004, 72 patients underwent OLT for the end-stage liver disease secondary to HBV infection in our institute. Seven of these patients developed recurrent HBV infection in the grafted liver confirmed by serological examination and liver biopsy. All patients received standard immunosuppression treatment with cyclosporine, azathioprine, corticosteroids, anti-HBsAg immunoglobulin injection and oral lamivudine (100 mg daily). The patients were closely monitored for serum liver enzymes, hepatitis B surface antigen (HBsAg), HBeAg, and HBV DNA. Liver biopsies were performed before and after OLT. YMDD variants of HBV DNA polymerase gene were detected by direct sequencing in the YMDD motif of HBV and PCR-RFLP. YIDD mutant was found in one and wild-type YMDD in six of the seven patients. The following two patients served as their example.
Patient 1 was a 34-year-old man, his liver function was abnormal 15 years ago without any treatment. Two years ago, he developed oliguria, abdominal distension, anorexia, profound fatigue and edema and was diagnosed as cirrhosis secondary to chronic HBV infection, liver dysfunction and portal vein hypertension. He received liver protective and urinative therapy. He developed headache, furor and unconscious behavior after oral losec and was diagnosed as stage II hepatic encephalopathy 6 mo ago. His condition improved and was discharged after 20 d. Fifteen days ago, he was found to have a 1.8 cm×1.7 cm solid mass in the anterior lobe of right liver by B ultrasound, and MRI of portal vein showed occlusion and tumor thrombosis of the right liver branch of portal vein, and he was admitted on September 11, 2000. Blood test showed HBsAg (+), antiHBs (-), HBeAg (+), anti-HBe (-), anti-HBc (+), HBV DNA (+). He underwent OLT on November 3, 2000. The resected liver showed poorly differentiated hepatocellular carcinoma with cirrhosis. Liver biopsy showed mild to moderate acute hepatic allograft rejection 1 wk and 9 mo after OLT, and acute viral hepatitis 19 mo after OLT, the immunohistological staining of HBsAg was positive. Metastatic hepatocellular carcinoma of the right adrenal gland was found 20 mo after OLT, which was confirmed by pathology. The patient stopped lamivudine therapy himself because of bad financial condition.
Patient 2 was a 56-year-old man. He suffered from viral hepatitis 22 years ago and improved after treatment. He developed cirrhosis 6 years ago. CT and B ultrasound examination showed a 10. (Table  1 and Figure 1 ) [18] . The PCR reaction mixture contained 1 µL DNA template, 0.5 µL primers, 1.5 mmol/L MgCl 2 , 200 µmol/L dNTP, 0.5 u pfu polymerase, 12.5 mmol/L KCl in a total volume of 25 µL. The amplification conditions included an initial denaturation for 4 min at 94 , 35 cycles of amplification with denaturation at 94 for 1 min, annealing at 58 for 1 min, extension at 72 for 3 min, followed by a final extension at 72 for 7 min. PCR-negative samples were further amplified by nested PCR using 1 µL of the above PCR products by primers BF111 and BR109 under the same PCR conditions. PCR-amplified DNA was purified after agarose gel electrophoresis and sequenced directly. 
Sensitive and specific detection of YMDD mutant by PCR-RFLP-based assay
To detect two YMDD mutants, YIDD and YVDD, we designed PCR primers that could introduce a restriction enzyme recognition site into only PCR products amplified from mutant viruses. To detect YIDD mutant, 1 µL of the extracted HBV DNA solution was initially amplified using primers BF108 and BR112. Twenty-five cycles of PCR (at 94 for 1 min, at 58 for 1 min, at 72 for 1.5 min) were performed after initial denaturation at 94 for 4 min, followed by a final extension at 72 for 7 min. The second PCR was performed with primer YNSspI, which introduced SspI site into only mutant PCR products (Figure 1) , and BR109 using 1 µL of the first PCR product and similar time-temperature conditions. Five microliters of the second PCR product was digested with 5 units of restriction enzyme Ssp I (Takara, Shuzo Co., Kusatsu, Japan) and was subjected to electrophoresis on 40 g/L agarose gel.
To detect YVDD mutant, similar amplification was performed using primers BF107 and TMPpu 10I in the first PCR, and TMApaL I and BF111 in the second PCR. Digestion by the restriction enzyme ApaLI, which digested only DNA fragment from YVDD mutant, was performed before agarose gel electrophoresis.
To enhance the detection of both YMDD mutants, we used the restriction enzyme FokI that could digest amplified DNA from wild type but not YIDD mutant, and Ppu10 I that could also digest DNA fragment amplified from the wild type using primer TMPpu 10I but not YVDD mutant. The first PCR products (1 µL) were digested by either of the two enzymes, and used in the second amplification as described above.
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The clinicopathological data of patient 1 before and after OLT are summarized in Figure 2A . The patient developed HBV reinfection 19 mo after OLT. Liver biopsy showed that the portal tracts were slightly enlarged because of mild to moderate chronic inflammatory cell infiltration with focal piecemeal necrosis. Disarray of single necrotic hepatocytes and chronic inflammation were found in the parenchyma ( Figure 3A) . Cholestasis was evident in both hepatocytes and canaliculi. Knodell score was 3 (1 score for periportal/ bridging necrosis, portal inflammation, and lobular necrosis respectively; 0 score for fibrosis; the total score was 3). Immunohistochemical staining was positive for HBsAg in most hepatocytes ( Figure 3B ).
The clinicopathological data of patient 2 before and after OLT are summarized in Figure 2B . The patient developed HBV reinfection 16 mo after OLT. Liver biopsy showed that the portal tracts were enlarged because of moderate chronic inflammatory cell infiltration and mild fibrosis with obvious piecemeal necrosis. Disarray of many necrotic hepatocytes and chronic inflammation were found in the parenchyma ( Figure 3C ). Knodell score was 7 (2 scores for periportal/bridging necrosis, portal inflammation, and lobular necrosis respectively; 1 score for fibrosis; the total score was 7). Immunohistochemical staining was positive for HBsAg in hepatocytes ( Figure 3D ). In short, patient 2 had more obvious hepatic lesions than patient 1, showing more evident degeneration and necrosis of hepatocytes, piecemeal necrosis and fibrosis of portal tracts. However, the immunohistochemical staining for HBsAg in patient 2 was weaker than that in patient 1.
Result of PCR-amplified HBV DNA sequencing and PCR-RFLP
The PCR-amplified products of a 289-bp fragment of the DNA polymerase gene of HBV including YMDD motif were seen in patients 1 and 2, but not in control (Figure 4 ). They were purified and analyzed by direct sequencing. Detection of YIDD mutant A weak 159-bp and a strong 159-bp products were amplified by nested PCR with and without FokI restriction enzyme digestion after first PCR. The nested PCR product was digested with SspI restriction enzyme, which did not cut the sequence, suggesting that HBV of patient 1 was YMDD wild without YIDD mutant ( Figure 5A ).
Detection of YVDD mutant A strong 188-bp product was amplified by nested PCR with and without FokI restriction enzyme digestion after first PCR. The nested PCR product was digested with ApaLI restriction enzyme, which did not cut the sequence compared with IIC, suggesting that HBV of patient 1 was YMDD wild, without YVDD mutant ( Figure 5A ). The DNA sequence of patient 1 was TAT ATG GAT GAT from positions 132 to 142 of nested PCR product, its corresponding amino acid sequence was YMDD ( Figure 6A ). Detection of YIDD mutant A strong 159-bp product was amplified by nested PCR with and without FokI restriction enzyme digestion after first PCR. The nested PCR product was digested with Ssp I restriction enzyme, which cut the sequence as a 134-bp fragment and a 25-bp fragment, suggesting that HBV of patient 2 was YIDD mutant ( Figure 5B ). Detection of YVDD mutant A strong 188-bp product was amplified by nested PCR with and without FokI restriction enzyme digestion after first PCR. The nested PCR product was digested with ApaLI restriction enzyme, which did not cut the sequence compared with IIC, suggesting that HBV of patient 2 was not YVDD mutant ( Figure 5B ). The DNA sequence of patient 2 was TAT ATT GAT GAT from positions 132 to 142 of nested PCR product, its corresponding amino acid sequence was YIDD ( Figure 6B ). The nucleocapsid contains small pores that permit influx of nucleotide triphosphates and metabolites of nucleoside analogs such as lamivudine for DNA synthesis [19] [20] [21] [22] . Lamivudine is a cytidine analog that has been shown to be effective in inhibiting HIV and HBV replication [23] [24] [25] [26] . Lamivudine inhibits HIV and HBV replication by suppressing the activity of viral reverse transcriptase and acts as a chain terminator. HBV DNA polymerase activity in the wildtype YMDD motif is inhibited by lamivudine [27] [28] [29] [30] . The mutation of methionine to isoleucine or valine in the YMDD motif of HBV reverse transcriptases confers resistance to lamivudine [19] because the side groups of isoleucine and valine of the YMDD mutants sterically prevent lamivudine from appropriately configuring into the nucleotide binding site of the reverse transcriptase. Moreover, in our cases, the immunohistochemical staining for HBsAg of patient 2 was weaker than that of patient 1, indicating that the replication rate of YIDD mutant HBV is lower than that of wild-type YMDD HBV, being consistent with the study of Seta et al. [31] . In addition, patient 2 had more obvious hepatic lesions than patient 1, suggesting that the pathogenic mechanism of mutants may be different from that of wildtype YMDD.
Furthermore, the prevalence and characteristics of mutations identified by sequencing and PCR-RFLP are completely identical to those of Chayama et al. [18] . However, our study found that the detectability of YMDD mutants was good by direct nested PCR without Fok I/Ppu10 I digestion of the first PCR product, showing that the test steps are markedly simplified.
Occurrence of lamivudine-resistant HBV variants is commonly detected by direct sequencing of HBV DNA. Although sequence analysis is considered as the gold standard for characterizing HBV DNA isolates, most laboratories do not have the necessary experience or equipments to carry this test. However, this assay is excessively time-consuming for a large number of clinical samples. Several simpler techniques have been developed to study the viral polymorphism, including type-specific PCR, PCR and singlestrand conformation polymorphism (PCR-SSCP), PCR and hybridization with specific probes, but not all are suitable for identifying mutations in some fragments of the HBV sequence. PCR-SSCP assay is one of the easiest and fastest methods available for studying specific mutations and largescale screening of polymorphisms in the general population. The advantage of PCR-SSCP over PCR-RFLP resides in the fact that it is a single-step process and does not require enzyme digestion of the PCR products. However, in a recent study, to investigate the occurrence of lamivudine-resistant HBV variants, a small fragment (only 58 bp) of a conserved sequence including position 552 of the polymerase gene is amplified and 86 mutations are found in 4 638 nucleotides, with no changes in the YMDD motif [32] . Since these mutations occur in wild-type HBV, PCR-SSCP is not suitable for the study of YMDD variants.
In summary, PCR-RFLP is a simple, rapid, accurate method for genotyping lamivudine-resistant HBV variants without requiring special equipments.
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